Objective: To assess the validity of two diet quality indexesFfood variety score (FVS) and diet diversity score (DDS) in Western Mali. Design: In two separate studies (A and B), FVS and DDS were derived from a food frequency questionnaire (FFQ) and were compared with the same scores and with measures of nutrient adequacy derived from 2-day weighed records (WR). Setting: Two rural, adjacent villages in Mali, West Africa. Subjects: In study A (1996), 48 women and 27 men (15-59 y) participated. Study B (1999) included 34 women and 36 men (15-45 y). Results: Spearman's correlation coefficients between FVS from the FFQ and WR for men were 0.5 in study A and 0.4 in study B. The corresponding correlations for DDS were 0.2 and 0.4, respectively. Correlations for women were lower, especially in study B. Classification into quartiles was also best for men. Correlations for the two diet variety scores from the FFQ with nutrient adequacy from the WR in study A were about 0.3 for men, but lower for women. In study B, these correlations were around 0.5 for men, whereas for women there was no association. Conclusion: FVS and DDS can be assessed by our FFQ. The two diet variety scores reflect diet quality and are simple tools that can be used for monitoring. The validation study gave better results for men than for women, which has implications for further use of these instruments. Sponsorship: The Norwegian Research Council and The Stromme Foundation funded the project.
Introduction
The approach of evaluating total diet quality is receiving increasing attention (Coulston, 2001 ). This could add value to food and nutrition monitoring systems in developing countries, where energy intake or energy availability alone is often used to assess food security (de Guzman & Molano, 1994; Haddad et al, 1994; FAO, 2001 ).
Methods for assessing diet quality should be simple and inexpensive to be practical for use in developing countries. Food variety, an important aspect of diet quality, is a simple count of food items or food groups used in the household or by the individual over a certain time period. The index has earlier been examined in Mali where Hatly et al (1998) showed that the overall nutritional quality of the diet improved with increasing number of food items and food groups. The same group also showed that food variety correlated with the nutritional status of children, as well as with socio-economic status of the households (Hatly et al, 2000) . To capture diet quality in one variable is useful, since it facilitates comparisons between groups and within groups over time.
The increased use of diet quality indexes calls for validations of these indexes in order to identify strengths and weaknesses of the approach. The aim of this study was to assess the relative validity of the three diet quality indexes: food variety score (FVS), diet diversity score (DDS) and mean adequacy ratio (MAR), derived from a quantitative food frequency questionnaire (FFQ) developed for use in Western Mali. Data from two previous validation studies of the FFQ were used (Torheim et al, 2001; Parr et al, 2002) . The reference method was a 2-day weighed record (WR). Two research questions were asked in order to evaluate the three scores: (1) How well did the FVS, the DDS and the MAR (calculated from the FFQ) rank and classify subjects compared to the same scores calculated from the WR? (2) How well did the FVS and DDS (calculated from the FFQ) rank and classify the subjects compared to ranking/classification by MAR calculated from the WR?
Subjects and methods

Area and subjects
This study is part of a collaboration formed between nutrition researchers and a non-governmental organisation (NGO) in rural Western Mali to assess and monitor the nutrition security situation in the area where the NGO works (Torheim et al, 2001) . The FFQ was developed to measure adults' food intake.
The two validation studies of the FFQ providing the data for the current study, took place in different seasons with slight modifications between first and second versions of the questionnaire. The first validation study (A, 1996) was conducted in a small rural village, Kersignané, in Western Mali. The study included 75 persons (48 women and 27 men) in the age group 15-59 y (see Table 1 ). The second validation study (B, 1999) was done in a larger village, Ouassala, in an adjacent area and included 70 persons (34 women and 36 men) aged 15-45 y.
The results from the two studies showed that both versions of the questionnaire could rank and categorise subjects according to the intake of foods and nutrients (Torheim et al, 2001; Parr et al, 2002) . The FFQ did not determine absolute intakes equally well.
Dietary assessment
Both validation studies had similar design. All information was obtained through interviews, measurements and observations by trained fieldworkers. On day 1, the food consumed during the past week was assessed with the 7-day quantitative FFQ. The two following days were used for WR of total food intake.
The FFQ included 69 food items in study A and 164 items in study B. The expansion was due to both differences in season and area, and to more detailed questions about cooking ingredients of special interest in study B. For each dish/food item, respondents estimated their frequency of consumption during the last 7 days and the amounts consumed.
The 2-day WR involved measuring intake of food from plates the respondent shared with other family members. Food intake between meals was mainly recalled in study A (Torheim et al, 2001 ) and weighed in study B (Parr et al, 2002) . The methods have been described in more detail elsewhere (Torheim et al, 2001; Parr et al, 2002) .
The intake of foods and nutrients was calculated using the Food Composition Table for Mali (Nordeide, 1997) , complemented with information from other food composition tables when necessary. Weighed recipes were used to calculate intakes of ingredients from dishes in the WR, while standard recipes were used in the FFQ.
Food variety
FVS is here defined as the number of food items consumed (at least 0.1 g) during the diet-recording period (see footnotes in Table 2 for an overview).
Diet diversity DDS is here defined as the number of food groups consumed during the diet-recording period (Table 2) . In this study, the DDS was based on: cereals, legumes, oil/sugar, fruit, vegetables, meat, milk, fish, egg and green leaves. Food items outside the mentioned groups ('others' in Table 2) were not included in the score. This is a modified version of the DDS developed by Hatly et al (2000) , and these food groups differ from the five groups (fruit, vegetable, grain, dairy and meat) used in several other studies (Krebs-Smith et al, 1987; Drewnowski et al, 1996; Kant & Graubard, 1999) . We have put stronger emphasis on animal foods since they are a rich source of many nutrients insufficient in the local diet (Diallo et al, 1998) . The oil/sugar group reflects a focus on energyrich foods in the study area where energy deficiency is a problem (Diallo et al, 1998) .
Mean adequacy ratio
As an overall measure of nutritional quality, the mean adequacy ratio (MAR) was calculated from nutrient adequacy ratios (NARs) for the intake of energy and nine nutrients ( Table 3) . The NAR for a given nutrient is the ratio of a subject's intake to the current recommended allowance for each sex and age category (Guthrie & Scheer, 1981; KrebsSmith et al, 1987; Hatly et al, 1998) . The NARs were based on recommendations from FAO/WHO (FAO, WHO & UNU, 1985; FAO & WHO, 1994 . Each of the 10 NARs in Table 7 was truncated at 1, so that a nutrient with a high NAR could not compensate for another nutrient with a low NAR. MAR was calculated as the mean of the 10 NARs. Thus, a MAR of 1 indicates that the intake of all nutrients is equal to or above the recommended intake, and a MAR below one indicates lower than the recommended intake for one or more nutrients.
Data analysis
The two studies represented two distinct study populations and were analysed separately to avoid misleading results (Altman, 1997) . The data were not normally distributed, and therefore nonparametric tests were used. Data are presented as median and 25th and 75th percentiles. Spearman's rank correlation assessed the degree of association for FVS, DDS and MAR between the FFQ and WR. To examine agreement at category level between the questionnaire and the records, subjects were classified into quartiles of FVS, DDS and MAR. When analysing men and women separately, quartiles were calculated as gender specific. Since the FFQ covered 7 days, while the WR period was 2 days, higher FVS and DDS were expected in the FFQ and the absolute values were therefore not compared. The main validation instruments were the ranking and categorising of subjects according to their FVS and DDS, which are relative comparisons independent of absolute values. The data were analysed using the Statistical Package for Social Sciences 11.0 (SPSS, 2001). P-values less than 0.05 were considered significant. Table 1 shows the characteristics of the study participants. In both studies, FVS and DDS from the FFQ were higher than from the WR, as expected. The lowest FVS recorded was 10 and the highest was 55, while the range of DDS was from 4 to 10.
Results
The food groups used by the study participants measured by the two dietary recording methods are shown in Table 2 . Several food groups were used by everyone in both study A and B (cereals, legumes, vegetables, green leaves and other foods). In study A, a higher proportion had used oil/sugar, fruit, milk and fish during the 7 days covered by the FFQ compared to the 2-day WRs, while a smaller proportion had used meat. In study B, a higher proportion had used meat, milk and egg in the FFQ compared to the WR, whereas a smaller proportion had used fish. Looking at differences in food use between the two studies, Table 2 illustrates that in study area B, a higher proportion had used oil/sugar, fruit, fish and egg, while milk was used more in study area A.
MAR is presented in Table 3 with the 10 underlying NARs. A diet that covers the recommended intake for all nutrients has a MAR of 1. In the WR, three persons reached this value in study A and seven persons in study B. There was no difference in MAR between study A and B.
Spearman's rank correlation coefficient (r) between FVS from the FFQ and the WR in study A was 0.30 for the total group (Table 4) . It was lower for women and higher for men (r ¼ 0.49). The same correlation coefficient in study B was 0.15 for the total group. The correlation was higher for men (r ¼ 0.35), while it was lower and negative for women. The scatter plots of FVS measured with the two methods (Figures 1 and 2) show considerable dispersion for all groups.
The correlation coefficient between DDS from the FFQ and the WR was 0.20 for the total group in both studies and for men in study A. Women in study A had a lower correlation. In study B, there was no correlation for women, while men had a high correlation (r ¼ 0.39) between DDS from the FFQ and the WR. In study B, correlations were higher for those with education than those without (controlled for gender, data not shown). Analysis by education level was not possible in study A, where only six persons had formal education. Table 4 also shows Spearman's correlation coefficient between pairwise calculations of MAR from the two methods. Spearman's r was 0.40 for the total sample in study A and 0.49 in study B. The correlation coefficient was lowest for women in study B (r ¼ 0.25) and highest for men in the same study (r ¼ 0.64). Table 5 shows that 43% of the subjects in study A were classified into the same quartiles of FVS from the FFQ and the WR, while 8% were misclassified into opposite quartiles. The corresponding numbers for DDS were 21 and 3%, and for MAR 35 and 8%, respectively. Stratifying by gender showed that the proportion classified into the same quartiles was higher for men (except for FVS), and the proportion misclassified into opposite quartiles was higher for women, except for MAR. No men were misclassified into opposite quartiles of FVS and DDS. Table 6 shows that in study B, 31% of the subjects were classified into the same quartiles of FVS calculated from the FFQ and the WR, while 10% were misclassified into opposite quartiles. The corresponding numbers for DDS were 34 and 3%, and for MAR 46 and 4%, respectively. As in study A, most figures were better for men than for women.
The correlations between MAR and both FVS and DDS are shown in Tables 7 and 8 . To what extent did the two diet variety scores derived from the FFQ reflect overall nutritional quality (MAR) based on the weighed records? Spearman's correlation coefficient (r) between FVS and MAR was 0.36 in study A and 0.24 in study B. The correlation coefficient between DDS and MAR was 0.35 in study A and 0.29 in study B. These results are highlighted with darker grey in Tables 7  and 8 . Table 8 shows no correlation for either FVS or DDS with MAR for women in study B. For men, on the other hand, both correlations were significant. The gender difference was less dramatic in study A (Table 7) .
Tables 7 and 8 also show correlations for FVS and DDS with MAR derived from the same diet-recording methods (highlighted with lighter grey). There was a high correlation between the number of food items consumed (FVS) and overall nutrient adequacy (MAR) from the FFQ in both studies, ranging from 0.36 to 0.56. The correlation between DDS and MAR from the FFQ was high in study B (r ¼ 0.47), but lower in study A (r ¼ 0.28). The correlations for the two food variety scores with MAR, all derived from the weighed records, were somewhat lower. Tables 9 and 10 show the cross-classification between quartiles of FVS and DDS from the questionnaire and MAR from the weighed record. In study A, 36% of the subjects appeared in the same quartiles of FVS and MAR, while 5% were in opposite quartiles. For DDS, the numbers were 43 and 8%, respectively. Women were classified similar to men with the FVS. Classification according to DDS had a high percentage of misclassification for both genders. In study B, 29% were classified into the same quartiles of FVS and MAR, while 9% fell into opposite quartiles. Corresponding numbers for DDS were 34 and 6%. For women, there were both low levels of correct classification and high levels of misclassification, while the opposite case was true for men.
To better understand the relation between FVS and MAR, we examined the correlation between FVS and each of the 10 NARs composing the MAR (data not shown). In study A, there was a significant correlation between FVS from the FFQ and the NARs (from the WR) for vitamin A, vitamin C, niacin and iron. Men had generally higher correlation coefficients than women. In study B, the same correlation coefficients were significant for vitamins A and C, and men had higher correlations than women.
Discussion
When comparing scores derived from the FFQ and the WRs, FVS correlated best and classified subjects best in study A, while DDS was best in study B for the total samples. Analysis by gender rendered a different picture. In both studies, the correlation and classification were fairly good for both scores for men. The exception was classification into quartiles by FVS in study B, where 11% were misclassified into opposite quartiles. This is close to the 12.5% that one can expect by chance in extreme opposite quartiles (25% is expected by chance in the same quartile) (Garrow, 1995) . For women there seemed to be no correlation between the diet variety scores from the FFQ and the WR, and this applied especially to women in study B. Fewer women than men were also correctly classified by FVS and DDS. The comparison of MAR assessed by the FFQ and the WR showed better results in both studies.
The two earlier validation studies published on the FFQ (Torheim et al, 2001; Parr et al, 2002) compared intake of foods and nutrients from the FFQ and the WR, and median Spearman's correlation coefficient was in the range of 0.3-0.4 for both foods and nutrients. Correct classification was in the order of 29-36% (median values), while median gross misclassification ranged from 4 to 7%. The ability of the FFQ to rank and classify subjects according to FVS, DDS and MAR is thus similar to the results from the two validation studies for men, but lower for women. Other studies on relative validity have reported similar or higher (Goldbohm et al, 1994; Andersen et al, 1995; Hebert et al, 1999) correlation coefficients. These results are, FAO et al (1985) .
c FAO and WHO (1994) . This is the minimum fat intake not the recommended intake. d FAO and WHO (2001) . however, not easily comparable to ours, since we have validated composite indexes and not intake of single foods and nutrients. Hu et al (1999) have presented one of the few studies that validate diet quality indexes assessed from FFQs by comparison with a reference method. They reported the reproducibility and validity of dietary patterns assessed with an FFQ using factor analysis. The correlations between two FFQs and diet records ranged from 0.4 to 0.7 for the two patterns identified.
The larger discrepancies in the index scores between the WRs and FFQ for women than for men confirm results from the two earlier validation studies (Torheim et al, 2001; Parr et al, 2002) . Both studies concluded that the questionnaire Table 5 Crossclassification of subjects in quartiles (Q) of food variety score (FVS), diet diversity score (DDS) and mean adequacy ratio (MAR) from the food frequency questionnaire (FFQ) and from the weighed records (WR). Study A (Mali 1996) agreed better with the WRs for men. Women tended to overestimate food intake in study A (Torheim et al, 2001 ), but underestimate it in study B (Parr et al, 2002) . The present study indicates that women have greater difficulties reporting which foods and dishes they consumed. The two diet variety scores were not based on amounts or frequencies, but only on the respondent confirming to have consumed certain foods and dishes during the recording period.
The differences between men and women might be because of the lower level of education among women (Kristal et al, 1997) , as results from study B point towards.
Other studies have reported a link between correct responses and literacy or education levels in a South African population and in Western populations (Johnson et al, 1998) . The education level seemed higher in study B than in study A; however, this is partly because of a stricter definition of education in study A.
A total of 10 different food groups formed the DDS, but only six of these (oil/sugar, fruit, meat, milk, fish, egg) contributed to the variation in DDS. The foods that were used by everybody (cereals, legumes, vegetables and green leaves) could have been left out of the DDS in this study. Overall, the food intake was more varied in study B compared to study A. The main reason is that Ouassala (study B) is close to the railway and to a large market, while Kersignané (study A) is more isolated.
Most studies that validate food-based indexes of diet quality, use nutrient adequacy assessed by the same method as the reference (Guthrie & Scheer, 1981; Krebs-Smith et al, 1987; Kant, 1996; Hatly et al, 1998) . Our validation included this as an internal validation (highlighted as light grey in Tables 7 and 8) , and the results are similar to those of Hatly et al (1998) .
The main focus of the current study, however, was to externally validate FVS and DDS by comparing the scores with nutrient adequacy (MAR) assessed by a reference method (WRs). The methods for calculating MAR from prospective weighed intake and weighed recipes, and FVS or DDS from asking retrospectively about food intake and using standard recipes, are very different. Nevertheless, for men the two diet variety scores seem to be relatively good indicators for nutrient adequacy in these two studies. Correlations and classifications were acceptable, except for DDS in study A. For women, on the other hand, there was less agreement between the diet variety scores and nutrient adequacy. This reflects again the lower agreement for the diet variety scores between the FFQ and the WR for women. Diet quality indexes have been developed by others for monitoring populations' adherence to dietary guidelines both in the US (Kennedy et al, 1995) and in China (Stookey et al, 2000) . However, both indexes are complex and require quantitative estimation of nutrients and foods. In the Chinese index, the intake of fruit/vegetables and fat is emphasised, and it attempts to identify both over-and undernutrition. In rural Mali, inadequate food intake is the main problem and most available foods contribute positively to nutrient intake. This was shown in this study, as well as in earlier studies from Mali . In this context, it is therefore more functional to use simple indexes of diet quality. In our study, the two food variety scores were based on a quantitative FFQ, but simple food recalls could be used to obtain the same information.
The choice of reference method (2-day weighed records) and the validity of the method have been discussed in earlier papers (Torheim et al, 2001; Parr et al, 2002) . In order to minimise the possibility of inflated correlations between the FFQ and the reference method (because of correlated bias), WRs were chosen as the reference. Unlike the FFQ, this method is minimally dependent on memory, open-ended, and uses direct measurements of portion sizes. The method, however, is not a gold standard. Any under-or overreporting could have been detected using biomarkers, such as doubly labelled water for energy intake. This was unfortunately not possible with the resources available for the current study. As an alternative to external validation of the reference method, the ratio of calculated energy intake to estimated basal metabolic rate was examined (Goldberg et al, 1991; Black, 2000) . This indicated some over-reporting in study A, but not in study B. The diet-recording period of 2 days seemed too short to measure the habitual intake of some food groups.
In conclusion, this study suggests that FVS, DDS and MAR can be assessed by our FFQ. The two food variety scores reflect diet quality and are simple tools that can be used for comparing groups within the population and to trace changes in diet variation and diet quality over time. The validation study gave better results for men than for women, which will have implications for further use of these instruments. Table 9 Crossclassification of subjects in quartiles (Q) of food variety score (FVS), and diet diversity score (DDS) from the food frequency questionnaire (FFQ) and mean adequacy ratio (MAR) from the weighed records (WR). Study A (Mali 1996) MAR from WR 
